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ABSTRACT 

This report covers work on the development of a swaged- 
on ingot-iron rotating band design for 3n/70 AA Projectiles. 
The final design evolved was satisfactory in velocity, gun 
pressure, and yaw at short range, and not only produced full 
spin but also showed no perceptible band wear*  In addition, 
it produced negligible body deformation under the band of 
the fired projectile, and permitted a strong joint between 
projectile and case* The design is somewhat'novel- iioor— 
porating a series of high ribs canted to the rear which fold 
down during run-Up and engravings  The band is lubricated 
with molybdenum disulfide. 

Ranging and rapid-fire tests of this design are in 
progress, and will be the sub ject. of a later report•# 
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FOREWORD 

This is the 12th partial report on Projectile Rotating 
Bands and Component?• The work was authorized by BUORD Conf 
ltr Re3b-RS:mt NP9 Ser 24422 of 15 Aug 1951 (reference (a)) 
under Task Assignment NPG-Re3b-225-l-52. 

Vk*M 

The tests upon which this report is based were conducted 

R. D* CROMWELL, Plate Fuae Battery Officer 
Terminal Ballistics Department 

RvB» BUTLER, Head,3Design Branch 
#ermiittal Batllistici Department 

This report was reviewed by5 

W. B, ROBERTSON^ Gommander, USN 
-1^; :-l>-a,.T:_,,-.-. _ Tsriuinal Ballistics Officer 
HJr-*«'*r -RISFOLT, Director of- Research 
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INTRODUCTION 

Reference (b) reported the first work dont on s 
iron rotating bands for the 3«y70 projectile, lyo  de. .&n>; 
of 3n/70 band (Figures 5 and 6), as well as a saiall- 
diameter design (Figure 4) not adaptable to service use in 
the 3w/70 gun, were investigated, and the results indicate* 
that it was possible to fit a 3n/70 projectile with a s<-it 
iron (Armco ingot iron) rotating band by using precisely 
the same method of manufacture as for a copper band, that 
iron bands caused little if any more barrel strain than 
copper or copper alloy bands of the same contour, and that 

| projectilea with iron bands of the standard 3tt/7P Ex 24 
S Mod 2jc.onVour» .fired from.*a G-£ Sun» showed no evidence of 
!. batid wear *nd gave range performance far better than pro- 

jectiles with gilding-metal bands of the same contour,. 

-|._-       4Thia report covers further development of swaged-on 
i <«««t j,<nn h»nd designs for the 3w/70 gun. 

"-.•**!'".'"'.. - 

1 

CONFIDENTIAL 

Ii4lS'0-~--:--i::v-:i''- ••'i»:^'—^i:-"«-'- *w-*W«" wirrtiwiuaJ.werje fired from 3w/70      -" -      I 
'•,.    ...... barrelVpe G Mod 3 Serial No. 24493, which ha£ipWg-\ 

mately 4^>0 ESR and an origin enlargement of 09009. _Thisv 
gun has a short run-up, a uniform twist of 1 in 25, rifling 
with a conataht groove depth of 09035, and is chromium 
plated (09006),  All rounds were inert-loaded with ?paom 
salts and fitted with flat dummy nose plugs (Figure li; to 
a total weight of 15 pounds.  All projectiles•• wor« rubber- _ 
crimped in the case, except for Type 23 Mod 1, which could 

_-....:ziijot belimped.  AH rounds fired were recovered in sawdust 
and examined.  Measurements were made of velocity, pressure, 
and spin (by fcfe« wire impression method. Appendix ic;j.  in 

« some cases, deformation under the band was obtained from 
! measurements of projectile inside diameter before an* after 
s        firing. 

i: *- -J 
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All the iron bands, with exceptions noted below, were 
1^1 11  i _ J  v_ d before firing with powdered molybdenum 

—.-;-;«-.. ;w^i>--. .'•.-} 

disulfide suspended in a plastic paint*  It was hoped that 
this material, which is a well-known high-pressure lubri- 
cant, would reduce the friction of the band on the barrel 
and consequently reduce gun wear* 

TYPE 23 MOD 1 

The Type 23 Mod 1 band, shown in Figures 1 and 7, wafr 
designed to investigate to what extent the length of the 
iron band could be reduced without detriment to the perform- 
ance previously observed (reference (b)).  This was not an 
actual-design-for a 3n/70 band, since it was not possible 
to crimp it in the, case, but only a test device.  Only two 
of these bands were ever fired; the results are shown in 
Table 1. and photographs of the recovered projectiles in 
Figures 12 and 13.  The results were quite satisfactory, 
except for an indication of fringing, which pointed out the 
need for more ca^eruring." ~  ;: ~        "    ^   " 

::\ \ • "v - '*'•- yyy;'-;f, TYPE -23 3BPSI/*: ""''••'''•"-''• ' '•"' ^"•'v'"":i 
._  During the tine in which the Type 23 Mod 1 bands were 

in process of fabrication, the idea was hit upon of design- 
ing a band with several high lips (so as to fit the ease '/, 
properly) with all the lips undercut from the rear.  The 
intention was to produce a designin which.the lips on 
passing through thei run-upT would be folded down rather than 
swaged-4own-r  with a consequent reduction in band pressure 
and body deformation of the projectile,  A somewhat similar 
design in gilding metal had been tried much earlier in the 
3n/50 Type C (Probert) gun, but this band had failed and 
was abandoned.  Since earlier results had indicated clearly 
that iron was less susceptible to band wear than gilding 
metal, it was believed that in the present instance this 
type of-de sign had a good chance of success* The Type 23--— 
Mod 2 band (Figures 1 and-8) was the first design on this 
principle.  Two rounds were fired along with the Type 23 
Mod 1 bands, and the results are shown in Table 1 and 
Figures lif and 15.  {Two projectiles with the standard Ex 24 
Mod 7 gilding-metal band vrere also fired in the same program 

CONFIDENTIAL 
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for comparisons seo Table 1 and Figures 16 and 17»)  The 
results were highly encouraging*  The velocities, pressures, 
yaws and spins for the projectiles with Type 23 Hod 2 bands 
were all satisfactory, the recovered bands showed no sighs* 
of wear, and the considerable body deformation observed 
with the standard bands was reduced to negligible propor- 
tions (as was also the case for the Type 23 Mod 1 bands; 
see Table i). 

Five more of the Type 23 Hod .2" band!*;-WTB made si&d 1 
tj9sie4» Three of these were coated with molybdenum disulfide 
as bftore^ and two had no coating (Figur<8 2)* The results 

S$i$r0fcmi  in Table 2 and Figures .l£*s!£* These coifirmed 
;4^-#i|^3^                                   that 
; 4h^tt^.<&a:t*d bands exhibited cons^ex^^r inore temper color 
:''tifikn;vi|£M». eoatied ones*  Thia waftta^e^;::is"9e*id'ehce that tb*  - 
moiybdenum disulfide was providing sdme .effective lubrica- 
tion, and preventing the bands from reaching as high a  
.surface tfmpera-Lui-e as they otherwise^would.  It- was^-the^sa^r, 

pa^^^r-^F:;s%^fid^f t4f'\ *^fiii*fpm#yf.7?: -;',;" "'':•T-J 
•   •'••"•     TYPE 2 3 v»6ff fvi; ''"•--•• "V'. " '"<: " ' :  -' 

. W ^ffee- type 23 Mod,: 3 band. W^,-**BI^^:^# .^y£$- ^3 Mod,_j£ 
;Vu^-v««i#''sorter'- and had a •soifeii&ai^^ 
•Kl^fflatt^ '*^--f )'* the Tesults for ^h#:$l|^e rouisds fir«dj.- '.•'. 
E1^ givljh i^ t*ble 2 and Figures 23*25. TJie reduction in 
length led to nb reduction in performance, but the increase 
in diameter caused an increased amount of temper color, an<| 
this band was therefore not considered aV acceptable as 
Typtf 23 Mod 2. 

TYPE 23 MOD h 

..;-Xb®:  BW^ ?te^ was to. d«8ign tb? Tjf? 23 Mod 4 band, 
w^tb the r#4u^ed length of W*r TfpM'%T'W'$  3 and the smaller 
diii»t#i! of t&e> Typ^ 231*bd 2 ba^d (Figi^es 3 and 10) • The 
r^*«^ts fw? fch* five rounds fired are sl**wn in Table 3 and 
Figures 26*-30* Again the results were satisfactory. 
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Two of the »*«unda rubber crimped in esses for this 
„^u were pulled apart to determine the debulleting lead. 
Both rounds separated at over 15,000 pounds load.  T£ese 
rounds were then reassembled and fired (Table 3/» 

i 

! 
i * 

DISCUSSION 

»*f+.«*n rounds of the basic Type 23 design had no«: 
been firedV sad each round had *hown good performance ox 
.the band.    Bullet pull strength had been ^<sv?i *»*Mgg:'- 
rioTto tAat obtained with the Atande*d gttdirtg^mfetal batidj 
sfcd^dy deformation,(and therefore^^^*****^**J*J£* 

- reduced*    in addition,  irotf bards wMeh di£ not J«J1 /**•<«» 
gun hi*d been shown Creference .(b))  capable of  e^1*fn^;^ 
range p>rf-or»anoe in the  G-3-gun,  whereas  standard gilding- 
metaX  b&nas  gave  very .poor rou^'   aftM«Biwf. WBB»- * -* - * --* 
ComBSri^oTu:- The remaining important question about  the 

*iacsaai-wAfct»erefo^e-irtuB ; le£&il&?3&- 

. ':' T;-:r*il& i^Bral ;?roifing 6rouh4 therefor* ^ece^m^e^j*^ 
**,*» Bi**i-isi klf-^rtnArice croe%t« a subs-tantiaj. nGiper of        . 

;:3^70':'pS^P^iies wl^h ^e^^pHB 23 SW'C^^'M^I**"'*/?-1" 
*'"a. new $*3 barrel; for the pur^tee* o* eoa&aev* 
tjests and,  if the** should prove 8^*f»»*^/ 

 ^^^i^d^ire'-testB^ ••'• This* was done*  an<t :®m" ranging - 
and ^apid^fir^ tests,/ now in progress,  will be covered W_ 
a subsequent report•   

REFERENCES 

U\    BUORD Conf Itr Re3b-RS*mt NP9 Ser 24422  of 15 Aug 1951 
(b5    TOO Report No.  096 of 29 Nov 1951 
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Type 23 Mod 3 Type 23 Mod 2 

KP9-64809 CONFIDENTIAL 
3 /70 AA Projectile Band Designs with and without 

molybdenum disulfide coating. 
Figure 2 



Type 23 Mod 4 

NP9-64810 
3"/70 AA Projectile Band Design 

Figure 3 

CONFIDENTIAL 



—!'J> I 

r 

<3 
« 

I 

1 

K 

l,i 

v. 

o' 

v ,1*      •.    •. 

i S 

* 

!:--'Of 

I. ; tyl 
I- 'a! ;g.te 

•5 

>H 

sec 

ft; 
lb' 

cyy 

SO0--i?66Z 

9O0 -S$6 '£ 

• < -i 

\\\ 
'•}•• 

I! 

i 
1   :i •    Mi  • -i 

-\— -.—. ii 

j! 
I; 

I 
&&U--T, 

1 

•r-^r 

\J 

.-_„:. L,. l0.fO'W: 

w& 
T 

f 

}y Q 
k 

^^t— 

LiJ 
CD 

2: u 
<r   o :x; •»   ~ 
1>  ,\-   V /     '•-' 

•antiMMrv**L; 

i  v.1 u. 

o 

I1 

t 

Ui 
-      CM - 

111  Q UI  $ 

O <r > 
& * H 

0 

KM 

a 

 * 

*to. 

ft 0 
to 

1 
a 

9 SI'S 
in 

H 
i    1 

UJ 

M 

4 

i   I I; Si I 

/ •v     0 

J 

i3Et3E=3E=3:=liiB'• 

3 X s 
-L-JV^ 

<   OiO- \ 

< 

> 
* 



jSWWgj 'fPII"), i ii i    i i    -- 

• i I     '    ilp—t—«W|W««i      i    I   HI'  I  •—• 

«._ ,, ,1,1, l,,i,H.T..i ,..._   , ,y,.,u jjjr^- 

.!» x• ji«iiaM»»<ii i«i •< <M)tlmi»i J»I^«IIII>IV. 

!-$Uf •••; ft-i',, 

. i.;:i?it : ! ; 
'   ! i« i'fi'   ( 

i;i 
•'(' . ! 

i»tV 

-^tV-Vfc- 

It v ••¥' 

$i*p->V". i .        y I; .  ;   . 

*Wife^:*'^i**~* lwf*-*4:ifci"S^"' SW^M^^ 



Of 

^oa?-g9 ^ '^ 

•(po- ^e*e 'a 

U! 

5, 
in 

y Pi 

ft     k a 
"0 

Vj 

. •<* 

,&§.*i 

"I 

9 

FIGURE & 

v- ' '< 



6 
Of 

k-i nr\ 
X  1 *J 

5" 
$ 

i 

r* 

1 $ 
•^ 

t 

i !        1 
I       .1 
r     1 I   ! fe: 
i; 
j 

1 • 

IK 

* 
. •;.";. . 

IT " - 
[ 
• 
k 
t ^ 

i 
..... 
  

I 

K 

&CHP-G9&& 

II -ft IX X X 
v ;   Al   i-"- 

us. 

I 

V     \ 
W(-/(./— *=* o o <s- 

LI 
V V -ErjrsA   •*. 

QOO'-GL O 3 

\ 

Ok 
^> 
V 
<: 

R) 
<vj 

A\ X 

I *0 
1, 

K  i;- •   • 
^ -$LL  0 

Sr- —  -. •— — - 

'$ 

r~4- <£o&-do / 'Q 

SOO-GGG'2, 

FIGURE   "7 

«0 
K 
Q 
(ft 
") 

'* 

s 

5 3 
vt 

< 1 
') 

C\ I 
'j! 
•? •~ 

^ J 

i> 
\ 

tOiSFIDENTiAL ^ 
- 



Q 
Of 

W 3 
0) 

ft u i s. 

SOO-S3>C^ 

so&^srG&& 

QtOfOSS^ 

^sccte&m^- 

&OCr-&G6'-3 

-&QQ%&&3>;& 

._M_ 

0 

ft? 

'V 

n 

mmmtm. 
FIGURE © 



I: 
I- 

u 

o 
CD 

1 
0 
Of 

.  s 

< 

*-- —1 

• 

\ 
tf 

A ls^ 

3- C\* 
rO 

•^N 
.» 

S J a 
• 2 

r 

90O'-9667. 

SOQ>99f£ 

iiO'-+ Oc-€5> "r»<^ • -? 

0 

O      ~ 
i 

5        f 

S-   t-.-v.    t  -r    A^yf-^s,-^- £ S'fe^goo'-ueft ^-•:^:4t^^CT 
+ 
CM       CO 
—       Q 

I :VV3F 

J_i o 

m 

111 a. 
> 

i, ! 

i \ 

jii. 

o 
'-& 

0 

(0 

FIGURE- 9 
CONFIDENTIAL 

to 
l> 
0 
(IV 
<o ^ 
r\J 

0 ' * 

2 
i 
vf) 

a ' — 

0 <'tf 

3 
(D 111 
•.- J 

LL < 
tu 'vJ 
0? «0. 



'•V 

2 
O 

CM ^g^ 

^ Q, LL m     <+ *'» 
=7 1*1 Ui tfQ0^ 

ilud 2 2 u/ 

^ v- o y y ^ u> 
*2*> £$35 

SOO'-SS6'.3 

D 
0 

010^0 36'2 

soo'-sice 

I.O" "912 

U4 
Q- v 
i- 
i 

U 
Ui 

.§• a 
< 

< 

o 

-soo'- o-fc<5*€: 

FIGURE  \O 
"CON Fi DEN 

i„^|r-«r<»«Jj 

3 
{0 

r <w i 

<N! 
i 

.A w <n 

a 
2 

Q 

it 
0 
_>• 
EQ 

UJ 

in 

*»: 

1   ' 

]•: 

.•V ! . 
^ • • 

lr 
-'^ 

'•'• -1 
•.'; • :N 

•SIM 

i 
3 

T 

"fjr 
'i'il 

I 
1 



.. -< 

^ *s w 

ft 4 5 

OS 
1  * 

0) 

S5 

^ IT, ^ • •    "^ 

': -a* 

v> 

It 
"••Su 

i"K" 

5 

CONFIDENTIAL 

p*/<au»£ // 



I 

i 

V?9-64811 CONFIDENTIAL 

Three views (120° arart) of recovered 3"/7C AA Projectile 
Tyre 23 Mod 1 No. 855. 

Figure 12 
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NP9-64812   

Three views (120° apart) of recovered 3"/70 AA Projectile 
Tyre 23 Mod 1 Ho. 856. 

Figure 13 
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Three views (120° apart) of recovered 3"/7C AA Projectile 
Tyne 23 Mod 1 No. 857 

Figure 14 
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NP9-64814 CONFIDENTIAL 
Three views (120° apart) of recovered 3"/70 AA Projectile 

Type 23 Mod 1 No. 858 
Figure 15 
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Three views (120° apart) of recovered 3"/70 AA Frojectile 
Type EX 2h  Mod 7 No. 859. 

Figure 16 
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Three views (120- apart) of recovered VV70 AA Projectile 
Type EX 2 V Mod 7 No. B60. 

Figure 17 
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Three views (120° apart) of recovered 3"/70 AA Projectile 
Type 21 Mod 2 No. 912. 

Figure 18 
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Three views   (120° apart)  of recovered 3"/70 AA Projectile 
Type 23  Mod 2 No.   913. 

Figure  19 
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Three views (120° apart) of recovered 3"/70 AA Projectile 
Type 23 Mod 2 No. 914. 

Figure 20 
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Three views (120° apart) of recovered 3"/70 AA Projectile 
Type 23 Mod ?  No. 915. 

Figure 21 
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nono  aT^r+0  of recovered 3"/?0 AA Projectile Three views   (120° apart;  01  *«<-"»-*="•-' 
Tyre  23  Mod 2 No.   91o. 

Figure  22 
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Three views (120° anart) of recovered 3"/70 AA Projectile 
Tyr-e 23 Mod 3 No. 917. 

Figure 23 
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Three views (120° apart) of recovered 3"/70 AA Projectile 
Tyre 23 Mod 3 No. 918. 

Figure 24 
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Three  views   (120- apart)  of recovered 3V70 AA Projectile 
Type  23  Mod 3  No.   919- 

Figure  25 
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Three views   (120° apart)  of recovered 3"/70 AA projectile 
Type 23  Mod 4 No.   9*3 • 

Figure 26 
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Three views (120- apart) of recovered 3"/70 AA Projectile 
Type 23 Mod 4 No. 944. 

Figure 27 
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Three views (120' apart) of recovered 3"/70 AA Projectile 
Type 23 Mod 4 No, 94-5. 

Figure 28 
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^P9-6513^ no  M projectile noQO  a*art) of recovered 3
n/70 AA rr j 

Three views (120 jparx; ^ ^ NQ> ^ 
y    Figure 29 
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Ihree views  CiaC apaxt) o^jcover.J^/70 « 
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.-• «« Lltt« apart, each screen consist- 
Two screens are set up ***'»**;*• holding an array of 

in* of a metal frame with wood ^f"^.  ?h« spacing of 
parallel equidistant vertical copper **"*•,;; foJ the 
the wires is 1/2" for the first scree* **d 3/*^  dui8aiy 
second- ThS projectile xsfitted .ritb a r*•      through 
nose plug or th* ^uiyalent, so ^ *££J of tJe wires. 
the screens it bears ^ft

a';;_";f•^^es«ions is measured *• 
The angle between the two J**8 ?*;*' -JJ the gun, the 
and fro* this Hiffi>rt^ jgX**gtne ^in screens, is 
musslw velocity* a*d.^^^^nal Lin* It is assumed 
,^pme*^^he preceni^^^^^,  in retardation :mk  o*er the short aistanees inrclYeG xn.  y        _. r 
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CONFIDENTIAL NPQ REPORT NO. 1263 

Subject: The Development of Ingot-Iron Rotating Bands 
for 3"/70 AA Projectiles by R. H. Lyddans and 
R. B. Butler, Terminal Ballistics Department, 
U. 8« Naval Proving Ground, Dahlgren, Virginia 

16 April 1954 

ABSTRACT 

This report covers work en the development of a swaged- 
oh ingot^ron rotating band design t«r 3*/i6 M  Frojectiles, 

•-• Th* ii^l^desigit..devolved;was' eatiafactory JLa; / velocity, gun 
''•';?'•••".•:,-  ;: ;£|*j^^^^ *** not-only, produced full 

( '':'  /; 'd'^^^^^Si^^-^^M^ n^ ^^o^i^^^^^^^^r  ' In addition, 
.. !%• jg^|&j|^^j|^^jp6ik*^W defbrftaiion under 'the bandt of ' 

.•:"•.:":' the 'f|^d;;pqroi*©^^ev/and permitted a strong joint &*&ia«a' 
[^'^£^^^^s^^^$^^:C^H' design is somattnat novsl, incor- 
porating a series of high ribs canted to the rear which fold 
4ownduring run-up and engraving.  The band, is lubricated 

-y.*v- , ,( */*£ka molybdenum di»ulfide#  y.   % ..,- .'.•;,>,. ^->-...' ;' '-•• :•-;;-> r-.." ••'•".-, « 

- ;;Ranjglisg\a%i" r%fi$~fif,e^ teats • of- thi^-•design..are ifc 
:pVb'g^s^>'*ii&: ^livbeV^b^/sub^ject of a .later" report* •:••'• 

CONFIDENTIAL TEAR SHEET 



"       » CCKFI'cSHTIAI. -itf*   .fc,   •-*.:'•-?2<< 

-Subject:     The Development  o*     :;r.„~ron Roc*.-.'• •   - 
for 3"/70 AA Project:.;,     by R. R. L„- 
R.  B.  Butler,  Termite.   r~>.lliatica  i.v. ..:•', 
U.  S.  Naval rroving '.'roiiaa,  Dahlgvcu *  .•     uia 

•* /      •.-...:     -« nri 

Tli-ia report writes* jrafrk «b the d»*«4.tt§«£ '*t of swaged- 
on ingot-iron rotating band design for 3*/7C !4U r\ Jc*tliea, ?-. 
the Jfii^i 4e*iga evolve^ Wail aatiafactory ic *. <* xtjr* gm 
j>r-ea.a«rf> an^'yaw-'at *hbi*t rah|*? and not doty *xodnoed full .S'ffl 
a ©in but also aboiiced n^ |*i?e0£t£bla %*$dTwMi ?# Is addition, : ; |l 
it produced .negligible. :W&: $*£m***ii&*: fcftit* r %fc# baud o* :": !$ 
the fired nrojesiiia, and '^n&i$*ft -4. £&*$||  4ol«t b»twe«n        '4= 

voratln* a aexiea oi bigh rib*- c*»t«d- to ta*   r**r vtelab fold 
doum e'urlrig run«u» and #»g*a*ing,    Tba band it lnbrioated 
«?itb. uolybdenim disulfidfly*.' v-;'-.- •;..-:.,:.,-^,-.;.,... / __-' 

>tr;v \':**M^i^^ r< *ign are m 
;:l*r©£;E<^#^^ '"-*   ,:   v*port» 
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